The aim of the research described in this article was to optimize the basic sulphur process of lignin removal from the raw radially cut basswood (Tilia Cordata) 
INTRODUCTION
Wood is considered to be a versatile material used in many different sectors and industries from which the construction industry occupies a significant part of the total usage owing to its excellent mechanical properties and a potential to sequester carbon dioxide [1] .
Since the industrial revolution, humans have transformed carbon containing resources into CO2 such as coal, oil, and natural gas. During this period, it is estimated that 5.4 Gt of CO2 were produced [2] .
Depending on their types and geographical differences, different woods display an extraordinary variety of mesostructures [3] .
Wood possesses a cellular, three-dimensional microstructure and is described as a natural composite material with orthotropic elastic properties. Mechanical properties of the wood cell wall, comprised of primary and secondary cell wall layers, are dictated by the orientation of stiff cellulose micro fibrils in a matrix of hemicellulose and lignin. The orientation of micro fibrils has a direct influence on elastic properties of the wood cell wall and varies as a function of position in the tree and within annual rings [4] .
Lignin is an amorphous non-polysaccharide polymer consisting of phenylpropane units usually connected with polysaccharides especially hemicellulose at α-carbon and C-4 sites of the benzene ring through covalent bonds [5] . Pre-treatment processes are mainly involved in effective separation of interlinked fractions and increase the accessibility of each individual component, thereby becoming an essential step in a broad range of applications. However, a major hurdle is the removal of sturdy and rugged lignin component which is highly resistant to solubilisation and is also a major inhibitor for hydrolysis of cellulose and hemicellulose [6] .
The first report on transparent wood is from Fink in 1992 to facilitate wood morphology studies [7] . After that, several studies were published along similar engineering use considerations [8] [9] [10] . With the addition of optical transmittance to the basic wood properties, transparent wood facilitates wood anatomy studies [7] , and it can be used in the light transmitting smart buildings [8, 11, 12] , electronic devices, and in photonic devices such as photovoltaic cells and light source [13] [14] [15] . Several contributions have also briefly discussed the transparent wood as a part of functionalized wood when reviewing the wood nanotechnologies [16, 17] .
This has led to extensive research in the development of various pre-treatment processes. [6] It is also used during biofuel production, extraction of cellulose from wood to produce paper and in recent years to create a composite material of cellulose wood fibres and epoxy resin in a material with resulting extraordinary anisotropic optical and mechanical properties or the lightweight and low-cost structures in light transmitting and for transparent solar cell windows [12] .
In 2016, the Zhu M. [18] research team was able to design the highly transparent wood composites, using macrostructure in original wood for the first time. These wood composites are highly transparent with a total transmittance of up to 90%, but they show dramatically different optical and mechanical properties. In our research, we tried to contribute to the improvement of the processes, using modifications. This research will be followed by a study of fire-technical and acoustic properties of the given composite materials. There are no studies in this field up to date.
MATERIALS AND METHODOLOGY OF EXPERIMENT
Basswood wood (Tilia cordata) coming from the Trnava region, Slovakia, with a density of 480 kg.m -3 was dried at 100 ± 3 °C for 48 h before chemical extraction. In our experiments, wood blocks from basswood of various dimensions, from 20 x 20 x 2 mm to 50 x 50 x 5 mm, were used. All of the comparative experiments were conducted with samples of the same dimensions. Conventional processes and chemicals applied in the cellulose production were used. The main processes could by divided into two steps. During Step 1, the samples were soaked in boiling solution for a specific amount of time containing NaOH or KOH with Na2SO3 to dissolve a significant portion of the lignin. In Step 2 of the process, the samples were placed into the H2O2 solution to remove the remaining lignin. Since lignin is coloured while cellulose is colourless, the colour in the wood blocks indicates the amount of lignin present in the wood.
The colour becomes lighter and more transparent as lignin was removed. The whole procedure is shown in Fig.1 .
Fig. 1 Work scheme of performed experiments
Delignification of the samples was evaluated by the RMG 2.1 photometer chamber with LX1010BS luxmeter as an increment of the transmittance of the sample compared to the raw sample. Lignin content was also evaluated using a UV/VIS Spectrophotometer Termo GENESIS TM 8 as a change of absorbance of the NaOH solution after defined time. Individual absorbances were recorded in the range of 200 -700 nm using a program RS-232 Access.
ATTAINED RESULTS AND DISCUSSION ON RESULTS
In determining the processes occurring during the chemical extraction, Step 1 was intended to measure the weight of the samples during individual phases. The average weight loss after the first chemical bath (NaOH + Na2SO3; 2.5 M and 0.4 M) reached 28%. After the second chemical bath (2.5M H2O2; 3 h), the mass loss decreased to 56% which was probably due to the removal of almost all the lignin and the extractive substances from the wood. Samples exhibited a porous, fragile structure and were considerable whiter (Fig.2) .
Fig. 2 Weight loss evaluation a) Raw samples b) Samples after Step 1 c) Samples after Step 4
The aim of the Step 2 of the work scheme was to determine whether a change of the solution during the process and washing of the samples with boiling distilled water prior to chemical bath of hydrogen peroxide has an impact on the amount of removed lignin. The results are shown in Tab. 1. Having evaluated the data, we can assume that the most influential parameter on the total transmittance of the samples was the step of not pre-washing the samples with boiling distilled water prior to hydrogen peroxide bath. The maximum luminosity achieved by the device using only a 4 cm 2 filter was of 143 lx. Untreated samples were unable to transmit any light. Figure 3 shows the difference of colour shade after the above-mentioned procedure. The lighter colour of samples on the right was caused by the lower lignin content in the whole volume. The purpose of the Step 6 of the work scheme was to compare the effectiveness of two different alkali solutions: 1. Solution of NaOH (2.5 M) + Na2SO3 (0.4 M); 2. Solution of KOH (2.5 M) + Na2SO3 (0.4 M). The experiment lasted for 8 hrs. The results (Tab. 2) showed that the solution containing potassium hydroxide resulted in a higher total luminosity of the samples which means that the lignin content was lower however the difference was not substantial. The maximum luminosity achieved by the device using only a 4 cm 2 filter was of 131 lx. Untreated samples were unable to transmit any light. Two different approaches to lignin removal were also compared. Approach 1 consisted of 6 hrs of boiling in the chemical bath of NaOH (2.5 M) + Na2SO3 (0.4 M) with subsequent boiling in 9% hydrogen peroxide for 1.5 h. Approach 2 consisted of three cycles of 2 hrs boiling in a chemical bath of NaOH (2.5 M) + Na2SO3 (0.4 M) with subsequent boil in a 9% hydrogen peroxide for 0.5 h. The total amount of time spent in baths as well as the chemical substances and their ratios were equal. The results were compared based on the luminosity of the samples. The maximum luminosity achieved by the device using only a 4 cm 2 filter was of 130 lx. Tab.3 shows that better results were obtained by Approach 1 and that the repetition of cycles does not provide any advantage. The effect of the amount of sodium hydroxide in the solution on lignin removal is shown in Table 4 . From the obtained results, we can assume that by increasing the amount of sodium hydroxide the efficacy of lignin removal did not increase. In a similar experiment, the effect of the amount of sodium sulphite in the solution on lignin removal showed similar results; i.e. it is not desirable to increase the amount of sodium sulphite over 0.4 M. Hydrogen peroxide was used to remove the residual lignin. According to literature, the final product of these treatments provided the "white colour" lignin content under approx. 3%. These samples were then stored in pure ethanol to remove water and to stabilize the samples before further use. Dried samples of various dimensions and shapes are shown in Fig. 5c . Samples were dried in the air at normal conditions and their colour turned white due to the lack of natural polymer -lignin. 
CONCLUSION
Optically transparent wood-resin composite (WRC) is a promising material of extraordinary properties in many fields and applications. During the last few years, dozens of papers have recorded the progress achieved in all of the most important steps of wood-resin composites preparation. In summary, we optimized the basic sulphur process of lignin removal from the raw radially cut basswood pieces of various thicknesses, which is a key pre-step to the WRC manufacturing. Experimentally, we were able to prove that the change of fresh NaOH + Na2SO3 solution during the experiment had no significant effect on lignin removal. In contrast, omitting the washing of the samples with boiling distilled water after the hydroxide bath had a significant effect on the rate and efficiency of lignin removal with H2O2 in the following step. When comparing the lignin removal efficiency of NaOH + Na2SO3 and KOH + Na2SO3, the delignification process was clearly demonstrated to be more effective when using KOH + Na2SO3 solution. This research will be followed by studying the new, eco-friendly and efficient methods of bleaching raw wood and simultaneously to study fire-technical and acoustic properties of the given composite material, since there are no studies in this field to date.
